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(54) Process for discriminating the color of a surface and apparatus for implementing the 
process 

(57) tiie Invention reiateis to a process for discrimi- 
nating the color of a surfece, cprnprising the steps of: 

a) acquiring at least one color of a colored aoquisi- 

. . tion surface; - ; ^ 

b) comparing the color of a detecting surface with 
said at least one color previously acquired, so that 
said color , can be ^recognized, in particular, the 
acquisition step a) comprises the steps of: 

ai) - sequentially illuminating the acquisition 
surface with each df three light beams corre- t 
spending to three primsiry colors, each of said 
light bearhs beirig generated by a respective 
emission source supplied vyith a supply current 
; <m. IG, IB; ;>, ' . =: v . \ 
a2) picking up by means of a light-receiving 
element the light scattered from the illuminated 
acquisition surface; 

a3) .generating an eiectric signal VR, VG, VB 
proportional to the luminous intensity of tiie 
picked-up light, as the acquisition surface is 

being illuminated with each of the three beams pi^ ^ 

and 

a4) controlling the supply current IR. IG. IB of 

the emission sources such that at least two of * . 

the electric signals VR, VG, VB generated are . . _ 
identical with each other within a predeter- 
mined tolerance margin. 
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Description 

[G001 ] This tnvention relates to a process for discriminating the color of a surface, and to an apparatus for inplement- 

ing the process. 

3 [0002] More particulariy, the invention relates to a process and an apparatus for discriminating the color of a surface 
by conrparison with a previously acquired reference color. The invention further relates to a process for cTiscnminating 
a range of coiors and/or a pturaflty of cofors on a surface. 

[0003] Throughout this descrrption and the appended claims, the expression "color range" will be used to IrKlicate a 
plurality of different hues of one color (e.g.. for the red cdor, a range of variation of red hues from light red to deep red). 

10 [0004J In object sorting and handling systems, an ability to "recognize" the surface color of the objects may sometimes 
be useful to facilitate and speed up the object sorting and handling operations. For the purpose, several process for dis- 
criminating the cofor of a surface have been proposed heretofore which ail comprise substantially two basic steps, both 
to be carried out on the same apparatus (also ref^red to as the "color discriminator" hereinafter), namely: a first "acqui- 
sition" step wheret>y the apparatus is set, manually or automatically for a reference color, followed by a "reajgnition" 

IS step whereby the color of the object surface being scanne:! is compared with the previously acquired reference color to 
check that they are the same, within an optionafly adjustable tolerance margin. 

{0005} More particutariy the acquisitiorf step consiste of illuminating with a suitable tight source a colored acquisition 
surface which includes the color to be recognized, and then picking up, onto a light-receiving element, light iscattered 
from said surface so as to generate electric signals which are proportional to the luminous intensity of the picked-up 

20 light. These signals are then suitably processed to calculate and store parameters representing the cdor of the illumt- 
nated acquisition surface. r .v, - : :^ . 

[0006] The recognition step consists of usmg the same af^ratus, previously set during the acquisition step, to 
illuminate the surface of the object bearing the color to be discriminated and generate electric signals proportional to 
the luminous intensity of Bght scattered back from such surface. These signals are then processed to calculate param- 

25 eters representing the surface color of the illuminated object; these parameters are ultimately compared with those pre- 
viously stored during the acquisition step to check that they are the same within a predetermined tolerance margin, 
thereby to recognize the surface color of the illuminated object. 

[0007] For both the acquisition and recognition steps, the processing of the electric signals generated by the light- 
responsive element is based on the detection of the three components Vr, Vq, Vb of the three primary colors - - ried. 

30 green and blue ~ emitted from the three LEDs. • • 

[OOOoj Among the prior color discrinranaiors capable of implementing a process such as that above described, the so- 
called "solid-state", ones are of particular interest which additionally to incorporating inexpensive srnall'Siza conpo- 
nents. can discriminate the color of a surface regardless of the surface distance from the discriminator. Such discrimi- 
nators employ, as the light sources, three separate emissiori lEDs, respectively for the red, green and blue colors, and 

35 as the light-receiving element, a standard photodiode or phototransistor having a sufficiently wide sensbility in the vis- 
ible range. In such discriminators, the emission L£Ds are supplied by impulse with respective supply currents Ir. Iq, I3. 
such that, at each current impulse supplied, corresponding electric signals Vr. Vq, Vq are generated by the photodiode 
so as that their sum is equal to a predetermined reference value ODreferably, the white color). The color rs then recog- 
nized by measuring the amounts of red. green and blue scattered from the surface of the object being scanned (i.e., 

40 measuring the values of the signals Vr, Vq, Vb generated during normal operation of the discriminator). 

[0009] A color discriminator of the above type, while substantially achieving its ofe»}ective, still does not allow discrim- 
ination of those colors wherein at least one of the color components Vr, Vq, Vg is much smaller than the two others 
(consider, for instance, the red, green and blue colors themselves, for which the respective color components of that 
color are much larger than the two others}. In this situation, the discriminator above described is little responsive to var- 

45 iatior^s in the otiier two colors, and therefore, cannot provide accurate discrimination of the different hues of these 
colors. 

[001 0] Furthermore, there are instances of one component being much smaller than the two others. Here again, the 
discriminator response to varying hues of that color is poor. 

[001 1 ] The underlying technical problem of this invention is to provide an efficient and accurate way of discriminating 
50 any color of any surface. 

[0012] According to a first aspect, the invention provides a proce^ for discriminating the color of a suriiace, compris- 
ing the steps of: ] • 

a) acquiring at least one color of a colored acquisition suriace; 
ss b) comparing the color of a detecting surface with said at least one color previously acquired, so that said color can 
be recognized: 

wherein tiie acquisition step a) comprises the following steps: . 
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a1) sequentiaJIy illuminating the acquisHion surface with each of three fight beams corresponding to three pri- 
mary colors, each of said light beams being generated by a respective emission source supplied with a supply, 
current IR, IQ. IB; 

a2) picking up by means of a light-receiving element the light scattered from the illurranated acquisition surface; 
5 a3) generating an electric signal VR, VG. VB proportional to the luminous intensity of the picked-up light as 

the acquisition surface is being illuminated 'with each of the tfiree beams; 
. characterized in that it further comprises the step of: 
a4) controlling the supply current IR, IG. IB of the emission sources such that at least two of the electric signals 
VR, VG, VS generated are identical with each other within a predetermined tolerance margin. 

[0013] Advantageously, the process of this invention allows an accurate discrimination of any color (and/or any color 
hue) on a surface, regardless of whether this is a color wherein one (or two) component{s) is (are) much smaller than 
the two others (the other), thereby overcoming the limitations of the above-described prior process related, in particular, 
to the Impossibilfty to discriminate colors wherein one or two color components are much smaller than the others. 

IS [0014] As a matter of fact, by the process of this invention, a color whichever is characterized by means of a signal 
triplet Vr, Vq, Vs wherein at least two signals are identical with each other; thus, colors and/or varying color hues can 
be discriminated in an accurate manner which would not otherwise be easily discrin>inated by the above-described prior 
process., , :. "^-^ ^ . • ■ ^ ' ^ '\ ^ ' . 

[0015] Advantageously, the step of acquiring the color to be subsequently recognized is carried out individually for 

20 each discriminating apparatus and for each color to be discriminated. In particular, the recognition of a predistermined 
color is performed according to parameters representative of that color, whidi are suitably adjusted and stored in the 
same discriminating apparatus to be subsequently used for recognizing such color. This allows to overcome the prob- 
lems due to aging of the optical conponents mounted on the discriminating apparatus arKil the known phenomena of 
spreading of certain basic operational parameters of said components, which vvould otherwise result in the cotor ds- 

25 criminating process being generally unreliable. .-^ .. 

[0016] Preferably, the supply current Ip. Iq, Ig of the emission sources is controlled in the inventive process such that 
the electric signals \/f{, Vq, Vg (i.e., the individual color components) generated are all identical with one another, within 
a predetermined tolerance margin. Advantageously, this enables colors wtierein one (or two) of the three color compo- 
nents is much smaller than the others (the other) to be accurately discriminated; in addition, being the variations of each 

30 color component all equally discriminated, the different hues of a same color whichever can.also be accurately discrim- 
inated. ■. ■ . . - > .. A-.. ^ • \ . : > 

[001 7] Advantageously, the supply^current Iq, Iq of the emission sources is controlled such that the electric signals 
Vr, Vq, Vb gerierated are all equal, within a predeterrruned tolerance margin, to a predetermined reference value. Pref- 
erablyi this reference signal Is set at one half the reference voltage used by an analog-to-digital converter which is 
35 arranged to convert the analog signal generated by the light-receiving element to a digital- signal for subsequent 

processing. ^ 

[0018] This form of control advantageously allows the working field depth of the apparatus employed to implement 
. the inventive process to be greatly increased, this is essentially owed to the fact that the values of signals Vr, Vq; Vq 
. utilized are one half the highest voltage value to be generated by the light-receiving, element; accordingly, the voltage 

40 generated by the light-receiving element can be increased and/or decreased to suit the amplitude of the signals Vr, Vq, 
Vb generated during the recognition step, by increasing and/or decreasing the distance of the discriminating apparatus 
from the surface bearing the color to be recognized. This affords enhanced color disaimir^ting capability even In those 
cases where the signals generated by the light-receiving element are very weak (e.g.. because originating from dark 
colors on a surface) and^or very strong (e.g.. because originating from light colors on a hear surface). 

45 [0019] Preferably, the acquisition procedure according to this invention is carried out in a sirnple. fast and systematic 
manner using a binary search algorithm for the supply currents of the three emission sources. According to this algo- 
rithm, step a4) further includes the following steps: a41) checking if each of the digital signals Vr, Vq. Vg has its value 
within a predetermined range of values defined by said reference value plus/minus a predeterniined tolerance margin 
and: • - i = ^ ■ - ^ . ..^ ' ^ ' - . • . • * 

so 

a41a) if so, storing the values of said digital signals Vr, Vq, Vg 

a41b) if not so, iteratively varying the supply current within a predetermined range of current values, and repeating 
step a41) at each iteration. . * , ; 

.55 [0020] In particular, step a41) preferably includes the following steps: 

' a41 1) setting the value of the supply current IR. IG. IB of the emission source which Is supplied first at a actual 
value equal to the highest value iri a predetermined range of supply current values; 
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a412) checking if the vafue of the first of the signals VR. VG, VB to be generated is lower ttian an upper limiting 
value of said predetermined range of values and: 

a412a) if so, checking that the value of said signal VR, VG, VB is higher than a lower limiting value of said pre- 
5 determined range of values, and if sof storing the actual value of the supply current IR, IQ, IB and iteratively 

repeating the steps from a41 1) for the emission source coming next in the supply sequence; 
a4l2b} if not so. reducing the value of said supply current IR. IG, IB by a predetermined factor, and iteratVely 
repeating step a41 2). 

10 [0021] Where the above-described control cannot be implemented, the supply current Iq, \q of the emission 
sources is controlled such that the electric signals Vr, Vq, Vg generated are ail equal, within a predetermined tolerance 
margin, to the value of the smallest among them. In particular, if the check of step a412a) gives a negative result, a step 
is carried out to died^ if the acti^ vafue of the supply curr^ ip, Iq. Is dfferent from the highest value in the prede- 
ta-mined r^ige of current values and: 

15 . 

if the check of step a412a) gives a negative result, a step is can-led out to check if the actual value of the supply 
current IR, IG, IB is different from the highest value In the predetermined range of current values and: 
if so. taking as die simply current value a value equal to one half the difference between the highest value in the 
predetermined range of current yalues and the actual value of the supply current IR, IG, IB and repeating the steps 
20 from a412); \ 

if not so. carrying out the fotlowing. steps: 

a41 2a1) iteratively repeating fh& steps from a41 1) for the emission source coming next in the supply sec^ence; 
a4l 2a2} setting; as the reference value, tf>e \mlue of the smallest of the digital signals VR, VG, VB artd repeat- 

26 ing the Steps from a41). . • 

[0022] According to a particularly advantageous alternative embodiment of the process of this invention, step a41 2a2) 
is preceded by a step of checking if the amplification jevel can be raised and: ■ 

30 if so, raising by a predetermined interval said amplification level and iteratively repeating the steps from a4l 1); 
if not so, carrying out step a4 1 2a2), , 

[0023] in this way, a high capability for discrimination of colors can be ensured even in situations where the signals 
generated by tine light-receiving element are too weak (e.g.. because originating from light colors on ia far sufacid) or 
35 too strong (ag., because originating from dark colors on a near surface), thereby increasing both the field depth and 

the precision of the color discriminating process. 

[0024] Preferably, where none of the above described controls can be implemented, the supply current Ir, Iq. Ib of 
the emission sources is controlled such that only two of the electric signals V^, Vq, Vb generated are equal to each 
other, within a predetermined tof erance margin, and higher than a predetermined minimum value. In particular, step 
4o a412a2) further includes the following steps: 

checking if the reference setting value is higher than a first predetermined minimum value and: 
if so, repeating the steps from a41); 

if not so, setting the smaller of the remaining two of the signals Vr. Vq, Vq as the reference value, jand repeating 
45 the steps from a4t}. 

[0025] Preferably, said first predetermined minimum value is one third the value of the smallest acceptable sum of the - 
signal Vr, Vq. Vg values. 

[0026] If the check of step a412a2) gives* a negative result, the following steps are carried out specifically: 

50 

. checking if the reference setting value is higher than a second minimum value, and 

if so, setting as the reference value for the smallest of the digital signals Vr. Vq. Vr. the actual value of that signal, 
and as the reference value for the remaining two signals the value of the smaller of the two actual remaining sig- 
nals, and repeating the steps from a41); 
ss if not so, indicating an error. 

[0027] Preferably, said second predetermined minimum value Is one half the difference between the value of the 
smallest acceptable sum of the signal Vr, Vq, Vb values and the value of the smallest of the signals Vr, Vq, Vg. 
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[0028] Thus, the acquisition procedure atxjve described terminates with the determination of the supply currents of 
the three emission sources or with an error indication, the determination of the supply currents is successful, the proc- 
.ess of this invention advantageously continues through the following steps of processing the electric signals Vr, Vq, V3 
generated correspondingly with the aforesaid supply currents: 

5 . - 

making a plurality of measurements of VR, VG, VB. using the stored supply current values IR, iG. IE; 
calculatng ihe arithmeticai mean of the values of the signals VR, VG, VS corresponding to each stored supply cur- 
rent IR, IG, IB; 

calculating the minimum arxj maximum limiting values of the digital signals VR, VG, VB by respectively adding and 

10 subtracting to/from said arithmetical mean a predetermined error, selected to suit specific application requirements. 

[0029] Advantageously, this error is calculated according to the noise inherently present on the signal generated by 
the light-receiving element and/or introduced during the subsequent amplifying, converting, and processing steps. Even 
more advantageously, the error also takes account of the spread phenomena of the optical components mounted on 
15 the discriminating apparatus (which involves, for instance, variations in the incoming signal with changing temperature). 
Thus, a range of significarrt values can be defined for the signals generated by the Oght-receiver which effectively 
removes the risk of rnaking, during the subsequent recognition st^. en^oneous or inaccurate dc^minatipnsjas a result 
of the ferrors thataffect the various steips of the proc.^^ , . . > : , % 

. [0030] PreferaWy, the process of this irwention further corripr^ 
.2a . ; . " : . • ' " 

defining reference pafjameters R. G, 8 respectively as the ratio of the value of each signal Vr. Vq. Vq to their sum; 
calculating, for each reference parameter, an tipper (lower) limit respectively defined as the ratio of the maximum 
(nrtinimum) value of the signal Vp, V^^. Vb considered to the sum of that maximum (minimum) value plus the mini- 
mum (maximum) \^ues of the other two signals Vr, Vq, Vg. 

[0031] Having thus completed the acquisition step, the process of this invention provides for a step of recognizing the 
previously iacquired color, to be carried out on the same discriminating apparatus. Advantageously, the recognition step 
b) includes the following steps.: , 

30 : b1) sequentially Hluminating. with the aforesaid three light beams, the detecting suriface bearing the color to be rec- 
ognized;-'. . .. ■'. i,..- , :- j v-l ■•■<: ••--•v^/ , ■ , ^ - 1 V y.:/-^K^ " ^ \ . 

b2) picking up, by means of the light-receiving element, the light scattered from said illuminated surface; 
b3) generating an electric signal Vr\ Vq\ Vg' proportional to the luminous intensity of the picked-up light, as the 
detecting surface is being iliuminated with each of the three be^ . ■ ; 

35 b4) checking that at least two of the values of the electric signals Vr'. Vq'. Vb' generated are equal, within a prede- ; 
termined tolerance margin, to those of the electric signals Vr, Vq. Vb acquired during step a). . ; 

[0032] This check is advantageously performed only on two instead of three color cornponents. This because the sum 
of the three cotor cpmpbrients is.equal to a predeterrnined value, arid thenefpre, with two components being l^nown, the 
40 third is univbcaily determined. >: : \- ^ . ' : , — Ai . 

. [0033] = Preferably, step b4) inciudesjfhe fpllowirig stepis:.^ ^ > . . v ' , , • r , -w.. . . \ 

b4i) checking that the electric signals Vr , Vq'. Vq* generated are lower than a predetermined saturation value and 
that their sum is higher a predeternriined minimum value and: 
45 b41a) if both of sa^^ : • t i ? V : . . . 

b4 1 b) if at least one of said checks gives a negative resuK. indicating that the color of. the surface being scanned is 
not recognized. 

[0034] Even rhore preferably, ^ep b41a)'further includes the following steps: . . . > 

selecting, from the signals Vr'. Vq*. Vb', the two signals having the highest values; 

defining, for each of the selected signals, a reference variable R', G', B* equal to the ratio of the selected signal to 
the sum of the signals Vr'. Vq', Vb'; 

checking if each of the reference variables above defined falls within a respective predetermined range of values 
65 and: 

if the above check gives a positive result for both said variables, indicating that the color is recognized; 

if the above check gives a negative result for at least one of said variables, indicating that the color of the surface 

being scanned is not recognized. 
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[0035] Advantageousiy» safd predetermrned range of values for the reference variabtes is set by the upper and lower 
Jimrts of the reference parameters calculated for the signals Vr, Vq, Vb during the acquisition step. Thus, the color rec- 
ognttfon Is simply and rapidly effected by numerical comparison of the reference parameters calculated during the 
acquisition step with the reference variables calculated during the recognition step. 
5 [0036] Accofding to another, most advantageous embodiment of the inventive process. If either the first or the second 
of the check fxovided in st^ b4l ) gives a negative result, a step Is carried out to check if the aiipiffication level can be 
varied, and 

tf so, the amplification level is changed by a predetermined interval, and the steps from b41) are repeated itera- 

10 tively; 

if not so, the color of the surface being scanned is reported as not recognized. 

(0037] According to a second a^ect. the invention relates to a process lor discriminating a color range of a surface, 
characterized In that it compr^es the followofig steps: 

O performing, as previously described, a first acquisition of a first color establishing one extreme of a color range to 
be recognized; 

ii) storing the supply current values determined during step i); • / 

iii) performing, as previously descrtoed and using said emission current values, a second acquisit'bn of a second 
20 color establishing the other extreme of said color range; 

iv) checking that the values of the electric sgnals Vr', Vq\ Vg' generated during the recognition step previously 
described, are the same, within a predetermined tolerance margin, as those of the electric signals V|:^ V^, Vb 
acquired during the aforesaid acquisition steps. 

2S [0038] According to a third aspect, the invention relates to a process for discriminating a plurality of colors on a sur- 
face, characterized in that it comprises the followvig steps: 

performing sequentially, as previously described, a plurality of acquisitions of a plurality of colors; 
each time storing the sipply current values determined during ^e preceding step; 
30 checking that the valu^ of the electric signals Vr, Vq', Vb' generated during the recognition steps previously 
described, are the same; within a predetermined tolerance margin, as those of the eiectrlc signals Vr, Vq, V^ 
acquired during the aforesaid acquisition steps. * ' 

[0039] Lastly, according to a fourth aspect, the invention relates to an apparatus for discriminating the cofor erf a sur- 
35 face, comprising: . > 

three emission sources of three light beams corresponding to three primary colors being respectively supplied with 
asupply current Ir Iq,'Ib; . : 

a light-receiving element adapted to receive light scattered from the illuminated surface and generate an electric 
40 • signal Vr.Vq,Vb which Is proportional to the luminous intensity of the picked-up light; 

characterized in tiiat it conprises a microcontroll er as,sembiy for controlling the supply current Ir, Iq, Ib ti^e emis- 
sion sources such that at least two of the electric signals Vr^ Vq. Vb generated are identical with each other, within 
a predetermined tolerance margin. 

45 [0040] . Further features and advantages of the Invention will be more clearly apparent from the following detailed 
description ci a preferred embodiment thereof, given wi^ reference to the accompanying drawings. In the dtawlngs: 

Figure 1 is a block diagram illustrating a first embodiment of an apparatus for discriminating the Color of a surface 
according to the irrvention; 

50 Rgure 2 is a f tow diagram relating to a first step of a discriminating process implemented by the apparatus of Figure 

1; . ■ ■ ■ 

Rgure 3 is aftow diagram relating to a second step of the discriminating process implemented by the apparatus of 
Figure 1;- 

Figure 4 is a block diagram illustrating a second embodiment of an apparatus for discriminating the color of a sur- 
55 face according to the invention; 

Figure 5 is a f fow diagram relating to a first step of a discriminating process implemented by the apparatus of Figure 

' 4; . • • 

Figure 6 is a f tow diagram relating to a second step of the dsaimlnating process implemented by the apparatus of 
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Figured. 

[0041] Shown at 1 in Rgures 1 and 4 is an apparatus for discriminating the color of a detecting surface 2 of an object 
3. The apparatus 1 comprises an emission assembly la for emitting three light beams corresponding to three primary 
5 colors, i.e. red. green and blue, cmd a pick-up assefr±>Jy lb for picking up light scattered Irom the surface 2 when iOumi- 
nated with said Oght beams. 

[0042] The emission assembly la includes three emission sources 4a. 4b. 4c for the above three light beams. In the 
embodiment shown in the above figures, the three emission sources 4a. 4b. 4c are in particular three separate LEDs; 
respectively of red, green and blue color, which are supplied with respective sipply currents Ir. Iq. ig through respective 

10 power supply circuHs 5a, 5b, Sc, each connected to a respective current generator 6a, 6b, 6c. 

[0043] Alternatively, tfie emission sources 4a, 4b.- 4c could be three laser diodes of red, green and blue color. 
[0044] The pick-up assenrtdy lb includes a light-receiving element 7, such as a photodlode. operative to pick up scat- 
tered light from the illuminated surface 2 and generate an electric signal Vp). Vq. Vg which is proportional to the lumi* 
nous intensity of the picked-up light. The light-receiving element 7 is operatively connected in series to an amplifier 8 of 

75 the electric signals V^, Vq, Vq which is itself connected to an analog-to-digital converter 9 for the anplified signal. 
[0045] A microcontroller assembly 10 is qaeratively interposed between the pick-up assembly lb and the emission 
.assemt^ly 1 a for controlling the. supply currents l^i \o, % of the three .ehnission sources 4a. .4b. 4c according to the elec- 
tric signals Vr, Vq, Vb coming from the pick-up asserribly 1b. In particular, .the mierocontroller assi9mbly Id is cbh- 
hecled, with an input section thereof, to the analog-to-digital converter 9 and, with ah output section, to the three current 

20 generators 6a; jSb, 6c. . / " , . . = i ; , - . .^ c , > ^ \ ^ . . ' • ' 

[0046] In the errtfxxjiment shown in Figure 4, the'micrbcbntroller assembly 10 is connected in series, with another 
output section thereof, to the amplifier 8 of the pick-up assen^y 1 b for the severed light from the surface 2. The ampll* 
tier 8 is here a variable type of amplifier, that is one capable of varying, on command from the microprocessoir 10. the 
anplification level of the electric signal generated by the light receiver 7. , - . 

25 [0047] In a first jalternative embodiment of the apparatus according to the invention {not shown) . the arr^lif ier 8 is sub- 
stituted with three different amplification channels, one for each of the electric signals Vr, Vq, Vg. 
[0048] In a second alternative embodim^ of the apparatus accordirig to the invention (not shown), the apparatus 1 
has no ahalog-tordigitai converter 9 and includes a circuit for measuring the electric signals Vr. Vq, Vg and coritrolling 
the supply currents Ir, Iq. Ib which operates by processin r ; ? ; 

30 y [0049] In operation, the apparatus 1 is set, during a first acquisition step, for storing parameters representing a color 
I to be sut^sequently recognized. During a subsequent recognition step, the parameters representing the color of the sur- 
face 2 of the object 3 being scanned are compared with those acquired during the previous step, thereby to discriminate 
:-thecolprof the surface 2. 4 -i • ^i^.-^vW >''-■ r^s - .^..H ■ •* .f 

[0050] : In particular, during the first acquisition step, the apparatus 1 is placed in front of an acquisition surface bearing . 
' 35 -the color to be acquired. This surface is illuminated sequentially with each of the three light bearns from the emission 
sources 4a. 4bi 4c; scattered light is picked up by the light-receiving element 7 tP generate, accordirigly, an analog elec- 
tric signal Vr. Vqi .Vb which is proportional to the luminous Intensity ,of the picked-up light This electric signal is then 
amplified, cortverted to a digital signal, and delivered to the microcontroller assembly .10. In particular, the microcontrol- 
ler assembly 10. controls the supply current Ir, Iq/ Ig of the eniission sources ,4a, :4b, 4c such that the three signals Vr. 

40 . Vq. Vg received are all equal; within a predetermined tolerance margin.v^to a predetermined reference Value. Alterha- 
" tively, where this control is impi'acticable.'the microcontroller assembly 10 could control the supply current Ir» Iqi Ib 

of 

the emission sources 4a, 4b, 4c such that the three signals Vr, Vq, Vb received are all equal, within a predetermined 
tolerance nnargin, to the smallest among them. Alternatively, where both of the above controls are impracticable, the 
microcontroller asseoTbly 10 could control the supply current Ir. Iq. Ib of the emission sources 4ai 4b, 4c such that only 
45 two of the signals Vr. Vq. V^ haying the highest values are idehtical, within a predetermined tolerance margin. In either 
case and regardless of the type of control applied, the microcontroller assembly TO will store the values of the signals 
Vr. Vq. -Vb received after said control arid the values of the respective supply currents Ir. Iq, Ig. and calculate the fol- 
lowing reference parameters: • , . ^ - ' : 



[0051] The above parameters are Stored up. ' ~ ~ . 

55 [0052] During the subsequent recognition step, the apparatus 1 1s placed in front of a detecting surface 2 bearing the 
color to be discriminated. The apparatus sequentially illuminates said surface 2 with the three light beams from the 
emission sources 4a, 4b, 4c. arxl similarly as in the acquisition step, electric signals Vr', Vq*. Vg' are generated which 
are proportional to the luminous intensity of the light scattered from the surface 2 and picked up In the light-receiving 
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element 7. Here again, reference variables R', G\ B* are calculated and compare! with the parameters R, B pr&A- 
ousiy calculated during ^e acquisition step to check if they match within a predBi&rmined tolerance margin, and ulti- 
mately recognize the color of the sur^ce 2. 

[0053] The process of this invention for discriminating tfie color of the surface 2 will now be explained in detail. 

5 [0054] Referring to Rgure 2, the acquisitioo procedure provides for the initial setting of a range of yalues for thasupply 
cunrent Ir, Iq, Ib of the emission sources 4a, 4b, 4c to lie between a mininrwm (BASE) value initially set at zero and a 
maximum (DELTA) value initially set at a maximum value (MAX); the aii^ratus 1 is then controtted to supply one of the 
cun-ent generators 6a, 6b, 6c with a actual value (EMISS) of the supply current I^, Iq. Ig equal to the majdmum value 
(MAX). A check Is then made to see if the conresponding signal, e.g. Vr, has a value within a predetermined range 

70 defined by a reference value, being for example one half the. reference voltage N/fg^ used by the converter 9 plus or 
minus a predetermined tolerance margin Hy which may be selected, for example, according to the signal noise. In par- 
ticular, during a first step, it is checked that Vr is lower than the upper value ( V ^ypsV^i/a+H y ) of said range, and if so. 
it is checked that Vr is higher than above the lower value { V i^j- V ^ef/^-H y ) in the same range. 
[0055] If both checks give a positive result, the values of said signal Vr and respa:tive supply current Ir are stored, 

IS and the above checks are repeated iteratively for the following signals Vq and Vq. Conversely if it is yf{>V^, the actual 
value of the supply current Ir is halved, and the above checks are repeated iteratively until Vr falls wHhin the predeta-- 
mined range of values. If it is VR<V|nf, a step is canried out to check if the actual value (EMISS) of the supply cun-ent Ir, 
Iq, Ib equals the value (MAX) set at the start. If such check gives a negative result, the value of the supply cun-ent Ir is 
updated by setting, as the actual value (EMISS), the previously defined value (BASE), and as the value (DELTA), a 

20 value equal to.one half the previously set vaiue (DELTA), and the comparison is r^eated for Vr until Vr falls within the 
predetermined range of values. On the contrary, rf (EMISS)=:(MA)Q , since It would be no longer possible to raise the 
actual value (EMISS) of the supply cun-ent, tiie values of the signals Vq and and respective supply cunrenfs t<3r and 
Is are acquired, by repeating the steps previously described for Vr, and as the reference value Vric(o). the value of the 
smallest of the digital signals Vr, Vq, Vg is set 

2S [0056] It is then checked if Vticip) «s equal to or higher than a first predetermined minimum value QJmn), for example 
equal to one third the value of the smallest acceptable sum (Den^min) of the values of the signals Vr, Vq, Vg; rf such 
check gives a positive result, the acquisition steps previously described are repeated starting with Vr for the three sig- 
nals Vr, Vq, Vb, each time checknig that the values of all the signals Vr. Vq. Vq obtained are wHfiin a range of values 
defined as Vric(0)» P^<JS or minus the aforementioned tolerance margin Hy. If, on the contrary. Vrjc{0) found to be lower 

30 than Vmin, a decision is made to abandon the attempt to equalize all three of the signals from the three emissions, in 
paruCular accepting that one of them is different, and an equalization of the two others Is attempted if they are higher 
than a predetermined minimum. - : 

[0057] In particular, the value of the smallest signal between the remaining two signals Vr, Vq* Vq is set as the refer- 
ence value Vhc(i), arid it is checked if the reference value thus set is equal to or higher than a second minimum value 

3s equal, for example, to one half the difference between the value {Den_mih) of the smallest acceptable sum of the values 
of the signals Vr. Vq, Vb and the value of the signal Vric(0)-^ such check gives a positive result, V„c(o) 's set as the ref- 
. erence value for the smallest signal of the digital signals Vr, Vq, Vg. and ^tic{i) »s set as the reference value of the two 
remaining signals: thus, new reference rang^ are estatDlished, similarly as above, at ytic{0) a^cl y^cny respectively for 
the smallest of the digital signals Vr. Vq, Vq and for the two remaining signals, and the aforementioned acquisition 

40 steps Vr. Vq, Vq are repeated, checking that each of them lies vkdthin its respective reference range. If, on the contrary, 
yrtc{i) found smaller than said second minimum vaiue, the acquisition procedure is termirialed with an en-or indication. 
[0058] According to the embodiment shown in Figure 5, where the apparatus 1 is equipped with a variable type of 
amplHier, the acquisition procedure begins with the setting of a minimum amplification level, to be raised iteratively by 
one prefixed interval in the event that no signal Vr. Vq. Vg can be received which lies within the reference range defined 

45 at the reference value V^^f^ so as to avoid possible saturation or excessively low levels of the components Vr; Vq. Vb- 
[0059] The first step of the acquisition procedure described above may alternatively, be carried out simultaneously for 
the three emissions; in any case, tNs procedure would be terminated by an error indication, or preferably, by d^ermin- 
ing and storing the three supply current values of the LEDs by which each signal Vr, Vq, Vq received lies within the 
predetermined range of reference values. ... 

so [0060] With the emission levels thus determined, a plurality of measurements of Vr, Vq. Vg are then made. Owing to 
noise, the measured values of Vr, Vq, Vg would not always be the same, but they vary. An arithmetical mean of the 
values received at each emission can then be calculated, whereby minimum and maximum limits of such, values can be 
calculated by respectively adding to and subtracting from said arithmetical mean a predetermined error selected to suit 
specific application requirements (e.g., taking account of the error from conversion, noise, etc.). 

ss [0061] At this point, the reference parameters R, G, B are calculated, and upper and lower limits are calculated for 
each of them using the following formulae: 

R_sup a VRmax/(VRmax + VQmin + VBmin) 



8 



EP0949499A1 



R Jnf a VRmin/(VRmih + VGrnax + VBinax) 
G_sup =» VGmax/(VRmin + VGmax + VBmin) 
5 QJnf a VGmin/CyRmax VGm;n + VBmax) 

B_sup = VBmax/{VRmin + VGmin + VBmax) 
BJnf a VBmin/(VRmax + VGmax + VBmin). 

10 

[0062] The above reference parameters are stored up. 

[0063] In this way. during the following "recognition" step, no wrong recognition will be made because of the error 
affecting each conversion (error on the analog signal and converter error) . Furthermore, an addition tolerance margin 
may be introduced (for instance, to avoid errors from variations in the received signal due to temperature^ etc.) by muf- 

75 tiplying the values VRmax, VGmax and VBmax by a factor (l+Toil), where ToU=2.5%, for ©cample, and the values 
VRmin, VGmin and VBmin by a factor (1-Toll)» before determining the upper and lower limits of VR, VG, VB. Also, to 
avoid having the parameters R, G. B affected by a too large en-or (which would harm the color discrimination accuracy), 
the sum of the three signals VR, VG, VB is imposed higher tiiari a certain value given by the ratio of the error affectirig 
the received signal (coriverter error and noise) to the largest error that can be accepted in conformity yyith the cplordis- 

20 ; criminaliori accuracy spught^ ' . - ^ M .- . .^ J- ' ,. . / : .■■ 

[0064] Where a pluraJlty of colors, rather than a single cx>lor. are to be dlscrinranated; the procisdure described here- 
inabove would be repeated sequentiail/fbr all the colors to be subsequently recognized, each time stpring the respec- 
tive triplets of stfDply currents IR. IGJB determined. 

[0065] Lastly, vyh^e a color range, i.a a plurality of different hues of a predetermined color, are to be acquired, the 
25 acquisrtipn procedure cprrprises two discrete training steps During a first step^ the same procedure for color acquisition 
^ as desaibed above is followed, whereby one of the two extremes of the cotor range to be recognized is determined. 
The vjalues VRmaxl. VGmaxI, VBmaxI cind VRminI, VGmini, VBminI relating to this first step are then defined, and 
on iUieir basis; the following reference parameters are calcu^ ^ .> 

' 30 . • R_sup1 = VRmaxl /(VRmaxl + VGmini + VBminI) 

RJnf1 =VRmin1/(VRmin1 + VGmaxI + VBmaxI) 

G_Sup1 .= VGmax1/(ViRrifiini + VGmaxI i^ VBm^^^ 

GJnfl = VGmini /(VRmaxl .+ VGmini + VBmaxI) . 

Bjsupl a VBrhax1/(VjRnfiini + VGmini + VBrnaxi) 

40 BJnifi a VBmin1/(yRmax1 + VGmaxI + VBminI). : ^ 

[0066] At this point, without changing the supply current values determined during the first training step, a second 
. acquisition is carried out for the other extreme of the (X)lor range to be recognized. Thus, the values VRrnax2. VQmax2, 
VBtnaxZ and VRrhin2. VGmin2, VBmin2 relating to this second step are deTined. and it Is checked that the maxirnum 
.45 values do not lie next to the converter end-of-scale (for example, lower than NFS-3. where NFS is.tfie highest value that 
the converter can provide, narr^ely 255 for an 8-bit converter, 51 1 for a siit converter, etc.) /and that the.sum of the sig- 
nals is higher than the lowest acceptable value. If these checks give a positive result, the following reference parameters 
are calculated: ..v^ v^// ■■ - V..,. -^^/i = ; ' .r^-u,:^ J'- - ^ ■-. ' . 

50 vR^sup2 a VRmax/(VRmax+VGmin + VBmin)' ' . > 

RJnf2 = VRmin/(VRmin + VGmax + VBmax) - : ' .< 
G_sup2 = VGmax/(VRmin + VGmax + VBmin) . 

• 55 • ■ j 

GJnf2 a VGmin/(VRmax + VGmin + VBmax) 
B_sup2 a VBmax/(VRmin + VGmin + VBmax) 
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B_in<2 a VBmin/(VRmax + VGlmax + VBmin). 

[00671 Thereafter, as tfie upper and lower lirrats of the parameters representing the color range to be recognized, the 
. maximum and minimum values of the parameters just calculated are respectively selected, namely: 

5 

R-Sup s mawmtim {R_sup1. R_sup2} 
RJnf = minimum (RJnf1. RJnt2} 
10 G_sup » maximum {G_sup1, G_sup2) 

Q Jrrf a minimum {GJnf 1 , QJnf2} 

s 

B_sup « nreximum {B_sup1 » B_sup2} 

IS : 

B Jnf a minimum {BJnf 1 , B Jnf21. 

[0068J On completfoh of the acquisition step, the apparatus 1 of this invention will be able to recognize the color 
(and/or colors, or color range) acquired. In particular, according to the recognition procedure shown in Figure 3. varia- 

20 bias representing the color to be recognized are determined, similar as in the acquisition procedure- These variables 
are calculated (ht the basis of the signals VR\ VG\ VB* received at the light-^receiylhg element 7 when tie surface 2 
bearing the color to be recognized is illuminated. Each one of the signals VR*. VG*. VB' ts compared with a saturatfon 
value equal, for example, to NFS-Hy, in order to check that they are lower said saturation value, and that their sum is 
h^her than a predetermined minimum value equal, for exanple, to the value Den_min. If both checks give a positive 

^ result, the tvwo signals NUM1 and NUM2 having the high^ values are selected among the signals VR*, VG', VB', and 
for each selected signal, a reference variable Q1 and Q2 Is defined which equals the ratio of the selected signal to the 
sum of the signals VR\ VG\ VB\ It is then checked that each of the reference variat^es Q1. Q2 is contained within a 
range of values defined by the upper (supl , sup2) and lower ^nf 1 , inf2) limits calculated during the previous acquisition 
step. Specifically, the values Inti . supl , infS and sup2 arle: 

if NUM1 is VRV then sup1=R_sup and ihf1=Rjnf 

rf NUM1 is VG\ then sup1aG_sup and inf1»GJnf 

55 if NUM1 is VB', then supl =B_sup and inflsBJnf 

If NUM2 is VR\ then sup2=R_sup and inf2=RJnf 

if NUM2 is VG', then sup2=G_sup and inf2=GJnf 

if NUM2 is VB\ then sup2«B_sup and inf1=BJnf. 

[0d69] If all of the above checks give a posi^ve result, the procedure is terminated with an indication of color recog- 
nrtton. If, on the contrary, at least one of the above checks gives a negative result, the procedure is terminated with an 
45 indication of color non-recognition. ' . > ^ . 

[00701 According to the embodiment shown in Figure 6, where the apparatus 1 is equipped with a variable type of 
amplifier, the recognition procedure would include the steps of lowering the amplification level of the signals VR', VG', 
VB' if one of said signals is higher than said saturation value NFS-Hy, or raising it if the sum of the signals VR', VG*, VB* 
is lower than the predetermined minimum value Den_min, V^erd^y to prevent possible saturation or excessively low lev- 
. so els of the conrponents VR\ VG', VB\ This is possible becai^ a variation In the amplifier gain would change the values 
of VR', VG', VB'. but does not influence the calculation of said color-r^resenting variables. 

[0071] In an alternative embodiment of the inventive process, all of the above steps can be advantageously carried 
out by respectively utilizing the parameters R. G, B instead of the signals VR, VG, VB in the acquisition procedure and 
the variables R'. G', B' instead of the signals VR\ VG', VB' in the recognition procedure. In this way. the color-discrimi- 
55 nating operation can be made independent of the reading distance (distance of the apparatus from the detecting sur- 
face), which distance would affect the values of the individual signals VR, VG, VB and VR', VG', VB\ but not the result 
of the ratio R, G, B and R'. G*. B'. 

[0072] The process of this invention, as above described, aftords a number of advantages, among which are those 
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listed here below. 

[00731 First of alh it provides an accurate discrimination of any color (and/or any color hue and/or plurafity of different 
colors) on a surface, regardless of whether it corresponds to a primary color. 

[0074] Also, the process of this trrwention is unconditioned by either aging phenomena of the optical components 
5 mounted on the discriminating apparatus or sf»^ead phenomena of the basic oDerational parameters of such cowpo 
nents. 

[0075] Further, the process of this invention allows a substantial Increase in the working field depth of the apparatus 
implementing the process and a considerak)le increase in color-discriminating capability, even where th© signals gener- 
ated by the light-receiving element are very weak (for instance, because originating from dark colors on a far surface) . 
10 and/or very strong (for instance, because originating from light colors on a near surface). 

Claims. - . 

1 . A process for discriminating the color of a surface, comprising the steps of: 

a) acquiring at least one color of a colored acquisition surface; 

b) conr^aring the color of a detecting surface with said at least one color previously acquired, so that said color 
^.canbe/recoghized;., -.^ . ■ ' ' • jr 

wherein the acquisition step a) comprises the following steps: 

20 ' ■ > " < . ' > 

a1) sequentially illurhinating the acquisition surface with each of three light beams corresponding to three 
primary colors, each of said light beams being generated by a respective emission source supplied with a 
supply current IR, IQ, IB; 

a2) picking up by means of a light-receiving element the light scattered from the iluminated acquisition 

2S surface; • ■ . / ^* . < . r . - ,\ ■■■ '■• 

a3) generating an electric signal VR, VG, VB proportional to the luminous intensity of the pk:ked-up light, 
■ as the acquisition surface is being illuminated with each of the three beams; 

characterized in that it further comprises the step of: , 

a4) controlling the supply current IR, IQ, IB of the en^ssioh sources such that at least two of the electric 

30 signals VR, VG, VB generated are identical with each other within a predetermined tolerance margin. 

2. A process according to claim 1 , where! n th e supply current I R. IG, IB of the emission sources is controlled such that 
the electric signals VR, VG, VB generated are all identical with one ianpther, withjn a predef ermined tolerance mar- ' 
gin. •■ '. . • • \ ' • 

3. A process according to claim 2 r wherein the supply current 1 R, IQ, IB of the emission sources is controlled such that 
the electric signals VR, VG. VB generated are all. equal, within a predetermlried tolerance nrtargin, to a predeter- 
mined reference value; •"'>'" -.^rr'^; '-^ ' .- '■ '-^ \ ^ ^- , v',' j\ .. - "' ■ ■•'''^ '' • ^ - ' 

40 4. A process accordirig to claim 2, wherein the supply curr^^ IG. IBof the emission sources is ;cpiitrolled such that ; 
the electric signals VR, VG, VB generated are all .equal, within a predetermined tolerance mai'gin, to the value of 
'>the srnallest of said signals; \ - ' ■ " 

5. A process according to claim 1^ wherein the supply current IR, KB, IB of the eriiission sources is controlled such that 
45 I :orily two of ttie electric signals VPi, VG. VB generated are. identical witfi each other, within a predetermined toler- 
ance margin; arxJ higher than a predetermined nhihimum value. . . ; 

6. A process according to claim 1 , wherein step a3) further indudes the followipg steps: ^ 

so . a31) generating, wrthin a ligfit-receiving element, an analog electric signal which is proportional to the intensity 
of the picked-Lp light; . 
a31) amplifying the analog electric signal generated by the light-recei\rtngei . . 

a32) converting the amplif ied analojg signal to a digital signal VR, V6, VB.. 

55 7, A process according to claims 3 and 6, wherein step a4) further includes the following steps: 

• a41) checking if each of the digital signals VR, VG, VB has its value within a predetermined range of values 
defined by said reference value plus/minus a predetermined tolerance nriargin and: 
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a41a) If so, storing the values of said digrtai signals VR. VG. VB 

a41b) tf not so, iterativeiy varying the supply current withnn a predetermined range' of current values, and 
repeating step a4l) at each iteration. 

5 8. A process according to claim 7. wherein step a41) further includes the fbilowing steps: 

a41 1) setting the value of the supply current !R. IG, IB of the emission source which is applied first at a actual 
value equal to the highest value in a predetermined range of supply current values; 

a412) checking if the value of first of the signals VR, VG, VB to be generated is lower than an upper limiting 

10 value of said predetermined range of values and: 

a412a) if so, checking that the value of said signal VR, VQ, VB is higher than a lower limiting value of said 
predetermined range of values, and if so, storing the actual value of the supply current IR. IG. IB and iter- 
ativeiy repeating the steps from a411) for the emission source coming next in the supply sequence; 
75 a412b) if not so, reducing the value of said supply current IR, IG, IB by a predetermined factor, and itera- 

tiveiy r^eating step a41 2). 



9. A process according to claim 8, wherein, if the check of step a412d} gives a negative result, a step Is carried out to 
check if the actual value of the supply current IR, IG, IB Is different from the highest value in the predetermined 

20 rangeof current values and: 

if sa taking as the supply current value a value equa^ to one half the difference between the highest value in 
the predetermined range of current values and the actual value of the supply current IR, IG. IB and repeating 
the steps from a412);. - . 

25 If not so, carrying out the following steps: 

a412a1) iterativeiy repeating the steps from a411) for the emission source coming next in the supply 
sequence; 

• a412a2) setting, as the reference value, the .value of the smallest of the digital signals VR. VG. VB and 
30 repeating the Steps from a4l). 

1 0> A process according to claim 9, wherein step a412a2) Is preceded by a &tep of checking if the amplification level 
- ':oan be raised and: ■ ^ - . -r- .-^ . ; 

35 if SO, raising by a predetermined interval said amplification level and iterativeiy repeating the steps^ from a41 1) ; 

if not so. carrying out step a412a2). 

1 1 . A process according to claim 9, wherein step a4l2a2) further inciudeis the following steps: 

40 checking If the reference setting value is Ngher than a first predetermined minimum value and: 

>^if so, repeating the steps from a41); , ^ ; ; . : 

if not so, setting the smaller of the remaining two of the signals VR, VG, VB as the reference value, and repeat- 
ing the steps firoma41). . 

45 12. A process according to Gaim 11, wherein if the check of step a412a2) gives a negiative result, the folidwing steps 
are carried out: 

checking If the reference setting value is Ngher than a second minimum value, and 

if so, setting as the reference value for the smallest of the digital signals VR, VG, VB, the actual value of that 
so signsU, and as the reference value for the remaining two signals the value of the smaller of the two actual 

remaining signals, and repeating the steps from a41); 

if not so, indicating an error. ; - 

1 3. A process according to claims 3 and 6, wherein the reference value is defined as one half the reference voltage 
55 utilized by the analog-to-digital converter employed. 

1 4. A process according to claim 1 1 . wherein the first predetermined minimum value is one third the value of the small- 
est acceptable sum of the signals VR, VG, VB values. 
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15. A process according to Claim 12. wherein the second predetermined minimum value is one half the difference 
between the value of the smallest acc^able sum of the signal VR, VG, VB values and the value of the smallest of 
the signals VR. VG, VB. 

1 6. A process according to claim 8, further comprising the following steps; 

maWng a pfuraltty of measurements of VR. VG. VB. using the stored supply cun;9nt values IR. iG. IB; 
calculating the arithmetical mean of the values of the signals VR, VG. VB corresponding to each stored supply 
current IR. IG. IB; 

calculatinig the minimum and maxinujm limiting values of the digital signals VR, VG, VB by respectively adding 
and subtracting to/from said arithmetical mean a predeterndined en-or. selected to suit specific application 
requirements. 

1 7. A process according to claim 1 6. further comprising the following steps: 

defining reference parameters R, Q. B respectively as the ratio of the value of each signal VR. VG, VB to their 

..sum; ■ ' . 

calculating, for each reference parameter, an upper (lower) limit respectively defined as the ratio of the maxi- 
mum (minimum) value of the signal VR, VG, VB considered to the sum of that maximum (minimum) value plus 
the mininium (maximum) values of the other two signals ^.y^ 

18. A process according to any of daims 1 to 16, further comprising frie following steps: 

defining reference parameters R, G. B respectively as the ratio of the value of each signal VR. VG. VB to their 
sum; 

using the parameters R, G. B in the steps of dainns 1 to 1 6, instead of VR, VG. VB. 

19. A process accorcfing to Claim i; wherein 

the recognition step b) Includes the fbllpwing steps: s s i * . . 

' bi) sequentially illunriinating. with the aforesaid three light beams, the detecting surface bearing the color 
' to be recognized; ... r^^^^' 

b2) picking up. by means of the light-receiving element, the light scattered from said illuminated surface; 
b3) generating an electric signal VR', :VQ\ VB' proportional to the luhiinous intensity of.the picked-up light, 
as the detecting surface is being illuminated with each of the three beams; 

.tMt) checking that at least two of the values of the ejectric signals V R'. VG ■, VB' generated are equal , within 
a predetermined tolerance margin, to those of the electric signals V R, VG. VB acquired during step a). 

20. A process according to Claim 19, wherein step b4)indudes the fo^^ . .i. ,5 .. 

b4 1 ) cllecWhg that the electric signals VR'. VG*. VB' generated are lower thj^n a predetermiried. saturation value 
and thai their sum is higher a predetermined minimum value and: 

:b4 la) if both of said checks give a positive result; carrying put step. b4); . . 

b4lb) if at least one of said checks gives a negative result.. indicatirig that the color of the surface being 
scanned is not recognized. V ■ ^ 

21. A process accorciing to Claim 20. wheran, if the first (second). of the'checks of step b41) gives a negative result, a 
step is carried out to check if the arnplif ication levjBl can be lowered (raised) and: 

if so, lowering (raising) said amplification level by a predetermined interval and iteratively repeating the steps 
- fromb41); . ' ' ^ / . ' ^ ' 

it not so. indicating that the color of the surface being scanned is not recognized., 

22. A process according to any of daims 1 9 to 21 , further comprising the following steps: 

defining, for.each selected signal, a reference variable R', G'. B' equal to the ratio of the selected signial to the 
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sum of the signals VR\ VG\ VB'; 

usmg H\ G\ B' in the steps of Claims 19 to 21 instead of VR\ VG', VB*. 

23. A process according to claim 20, wherein st^ b41a) further includes the following steps: 

selecting, from the signals VR'. VG', VB\ the two signals having the highest values; 

defining, for each of the selected signals, a reference variable B\ G', B' equal to the ratio of the selected signal 
to the sum of the signals VR\ VG\ VB'; 

checking if each of the reference variables above defined falls within a respective predetermined range of val- 
ues and: * 

if the above check gives a positive result for both said variables, indicating that ttie color is recognized; 
if the above check gives a negative result for at least one of said variables, indicating that the color of the sur- 
face being scanned is not recognized. 

24. A process for discriminating a color range of a surface, characterized in that it comprises the following st^: 

i) performing, according to any of the preceding daims, a first acquisition of a first color establishing one 
extreme of a Color range to be recognized; 

ii) storing the supply current values determined during step i) ; 

ili) performing, according to any of the preceding claims and using said 'emission current values, a second 
acquisition of a second color establishing the other extreme of said color range: 

iv) checking that the values of the etectric sigiats VR\ VG*. VB' generated during the recognition step, accord- 
ing to any of tfte preceding claims, are the same, within a predetermined tolerance margin, as those of the etec- 
tric signals VR. VG, VB acquired during said acqulsitibn steps. ' 

25. A process for discriminating a plurality of colors on a surface, characterized in that it comprises the foffowing steps: 

perfbrnrung sequentially, according to any of the preceding claims, a plurality of acquisitions of a r^urality of 
colors; ^ 

each time storing the supply current values determined during the preceding step; 

checking that the values of the electric signals VR\ VG'. VB' generated during the recognition steps according 
to any of the preceding claims, are the same, within a predetermined tolerance margin, as those of the electric 
signals VR, VG, VB acquired during said aoqiisition steps. \ . ' 

26. An apparatus for discriminating the color of a surface, comprising: 

three emission sources (4a,4b.4c) of three light beams corresponding to three primary colors being respec- 
tively supplied with a supply current IR, IG, IB; 

a tight-receiving element (7) adapted to receive light scattered from the illuminated surface (2) and generate 
an electric signal VR, VG, VB which Is proportional to the luminous intensity of the ptcked-up light: 
characterized in that it comprises a microcontroller assembly (10) for controlling the supply current IR, IG, IB 
of the emission sources (4a,4b.4c} such that at least two of the electric signals VR, VG, VB generated are iden- 
tical with each other, within a predetermined tolerance margin. 

27. An apparatus according to claim 26. wherein the emission sources (4a,4b,4c} are either LEDs or laser diodes. 

28. An apparatus according to claim 26, further comprising an amplifier (8) for amplifying the analog signals generated 
by the light-receiving element and an analog-lo-digital converter (9) for converting said amplified signals. 

29. An apparatus according to claim 2d, wherein said amplifier (8) comprises three separate anpPif Ication channels, 
each for amplifying one of the signals VR, VG. VB. 

30. An apparatus according to claim 28, wherein the amplifier (8) is operatively associated with the microcontroller 
assembly (10) so that the amplification level of the signals VR, VG, VB can be varied to suit specific application 
requirements. 



14 



EP0 949499A1 




EP 0 949 499 A1 



(kitk(G| • Uimi] • drte^) • MAX 




16 



EP 0 949 499 A1 




17 



EP0 94»499A1 




18 



EP 0 949 499 A1 




=1 
















'Mm* »f 


















Ylf 





























19 



EP0 949 499 A1 




EP0 949499A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppHcftllon Numb«r 

EP 98 83 0222 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of docurnsnt with indfcation, wh^ie appropriato, 

o f feiwant passagas. 



R©tevant 

to ctakn 



CtASSinCATION Of TH6 
APPLICATION (lot.CI.6) 



US 5 021 645 A (SATULA KEITH 0 ET AL) 4 
June 1991 

* column 2, line 23 - line 60 * 

* column 5, line 20 - line 54 ♦ 

US 4 673 338 A (KITTA KENICHI ET AL) 7 
July 1987 

♦column 2. line 55 - line 68 * 

* column 5, line 36 - line 54 * 

* claim 1 ♦ 

US 4 917 500 A (LU60S ATTILA) 17 April 
1990 

* column 1, line 53 - column 2, line 21 ^ 

* claim 1; figure I ♦ 



1,26 



1,26 



G01N21/00 

G01J3/50 

601J3/46 



1,26 



TECHNICAL FIELDS 
SEAACHCO (tnUCI.S) 



GOIJ 



The present search report has t>een drawn up for all daims 



THE HAGUE 



28 August. 1998 



Klocke, S^ 



CATEGORY Of CITED DOCUMENTS 

X : paftkxiUHy relevant if taken alone 

Y - particulArfy mtovant rf c'ombir>ed with another 

ckxrument ol the ssme caitegoiy 
A : technological background 
O noivwrHlen dadoaunB 
P . intennedbate document 



T : ttteo/y or pnnciple underlying the Invention 
E : earlier patent document, but pubhahad on. or 

after the Wing dale 
O : document cried tn the apptication 
L : document ortad for other reasorts 

i : mctfnberof thia same patent famiiy. corrasfMMnding 
document 



dcdT available copy 



EP0949499A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 98 83 0222 



This ann«x li$ts the patent family m«mb«i9 relating to patent ciacumonts citad in th9 abovs-mantioned Europaan saarch raport 
The mambera ara as contained in the European Patent Offica EOF iSa on 

Tha European Patent Office is in no way labia for thasa particulars which ara maraiy given for the purpose of information. 

28-08-1998 



Patant documani 


Publication 


Patent fam^ 


Publication 


Cftad in saarch report 


date 


memboF(s} 


dale 



US B021645 A 04-06-1991 NONE 



US 4678338 A 07-07-1987 JP S9094021 A 30-05-1984 

JP 59094022 A 30-05-1984 

JP 1990904 C 22-11-1995 

OP 59097019 A 04-06-1984 

JP 59097020 A 04-06-1984 

EP 0109686 A 30-05-1984 



US 4917500 A 17-04-1990 CA 1298565 A 07-04-1992 

OE 3879896 A 06-05-1993 
EP 0319769 A 14-06-1989 



For mom details about this annex : sm Official Journal of the European Patent Office, No. 12/82 



22 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 



□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents wUl not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




,URRED OR ILLEGIBLE TEXT OR DRAWING 



^ PAGE BLANK (Psno) 



/ 



